This review summarizes the structure of periosteum in relation to clinical applications.. It shows the structure of periosteum as outer fibrous and inner osteogenic layers. Bone lining cells were used recently to describe inactive osteoblasts. The review also discussed the role of periostin protein, its higher concentration in periosteum than bone. Periostin is high early in fracture while decrease after stoppage of cellular differentiation so figure out the stem cell as the main source of periostin. Also in this review the structure of bone niche was described as formed of cellular part and non cellular part. Stem cell niche is very important to regulate stem cell division and direct differentiation to bone growth or bone healing and regeneration of damaged bone. This review also reported the blood supply of periosteum. Blood supply from periosteum is divided into four vascular systems. It sheds a light on morphology of osteoblasts and mechanism of mineralization. osteoblast has specific receptors in the cell membrane and contains a magic structure called matrix vesicle which plays the key role in bone mineralization. Moreover, the review discusses the role of periosteum in bone remodeling. Periosteal bone formation is described in different ages: fetal, childhood and adulthood. It also reported on osteoblastic activation of osteoclasts and its role in bone structure. The review explained the new term of bone remodeling unit which is formed of cutting cone and closing cone so confirm the importance of exercise for healthy bone formation. Factors affecting bone formation by periosteum were also categorized to hormonal, mechanical, environmental genetic and diseases. Healing of bone fracture is the most important one clinical application, but the review also contains many clinical applications related to the structure and function of periosteum.
Introduction
Bones are one of specialized connective tissue that is formed of cells, collagen fibers and ground substance. It is enclosed by a periosteum except in joints. [1] General appearance:
The periosteum is formed of tan-white layer at the surface of al bones. The periosteum is firmly adherent to the bone in adults. In children, the periosteum is loosely close to the underlying bone. The periosteum is thicker than adult and mainly cellular in childhood. In contrast, it is thinner and fibrous in adults. [2] Microscopic structure:
The periosteum is formed of two layers: Outer fibrous layer and inner osteogenic layer. The inner layer presents adjacent to bone and contains smaller blood vessels and proliferative cells of bone (Fig.1) . It is sometimes called cambial layer. Cambium means exchange and it is responsible for nutrition, growth and repair of bone in width. [3] 
Inner osteogenic layer:
It is the inner most layer of the periosteum. It consists mainly of osteoblasts with some osteogenic progenitor cells arranged in the layer adjacent to the bone matrix core.
During intense synthesis of extracellular matrix, osteoblasts are rounded or cuboidal, with basophilic cytoplasm.6while with the decrease of osteogenesis, osteoblasts become spindle in shape and their ribosomal contentbecomes fewer. There isanother type of cells that are osteogenic progenitor cells which differentiate into osteoblasts. Osteogenic tissue containsfew collagen and elastic fibers.
[4&5]
Bone-Lining Cells
In sites where remodeling is not occurring, the bone surface is covered by a layer of flat cells with attenuated cytoplasm and a few organelles around the nucleus. [6] Osteoblasts have many processes, these processes of bone-lining cells extend into the canalicular channels of the adjacent bone and communicate by means of gap junctions with osteocytic processes. As a matter of structure related to function, themain roles of these cells are: the maintenance and nutritional support of the osteocytes embedded in the underlying bone matrix and regulate the movement of calcium and phosphate into and out of the bone.
[6&7] Fig. 3: showing the gap junctions between the cytoplasmic processes of bone lining cells. [6] Outer fibrous layer:
It is formed of fibroblasts and collagen fibers together with ground substance (Figs. 2&3) . It also has many blood capillaries surrounded by pericytes. Pericytes also act as stem cells for bone. Pericytes are slightly branched cells and enclose the capillary endothelial cells, with the ability to differentiate into numerous cell types, including osteoblasts. Pericytes play important role in periosteal bone formation due to their greater abundance in periosteum than in endosteal bone formation. Sympathetic nervous fibers are present in this layer. [6] In general, the collagen fibers of the periosteum are arranged parallel to the surface of the bone in the form of a capsule. Bundles of periosteal collagen fibers, called perforating fibers, penetrate the bone matrix, bindingthe periosteum to bone matrix. These fibers are called Sharpey's fibers. They represent the sites where ligaments and tendons attach to the bone.The direction of collagen fibers is determined by tension forces (Fig. 4) . These fibers penetrate entire cortex at the sites exposed to high amount of tension forces.
[8&9] 
Periostin protein:
Periostin protein is present in the higher amount in periosteum than in the bone is periostin. [10] (Wu Z, 2017) It is synthesized by the stem cells which will differentiate to osteoblasts. All prosteoblasts secrete periostin in the extracellular matrix. The level of periostin is higher 4-folds during the early days after any fracture. [11] The periostin protein level decreases with the stoppage of differentiation of preosteoblasts and formation of osteoblasts. In different words periostin is secreted by differentiated cells and once the osteoblasts fully formed its level in blood decrease. [12] Stem cell niche of bone:
Stem cells of periosteum are numerous. They include stromal cells, pericytes and osteogenic progenitor cellsin periosteum.
The periosteum has highly regenerative capacity. These stem cells require stem cell niche to control their activity called stem cell niche of bone. It is formed of cellular part: stem cells, blood capillaries, fibroblast, and nerve fibers supplying periosteum. Non cellular part is formed of collagen fibers, glycoprotein molecules.This niche acts as microenvironment to provide anti-differentiation signals to keep the stem cells in undifferentiated state. When the regeneration and bone formation is required the stem cells leave their niche, starting division and differentiation. An interaction between stem cells and niche microenvironment occurs through cell junctions and cellular mediators. [13] Blood supply of periosteum
The arterial supply of any long bones starts from periosteum. Four vascular systems are detected.
1. Intrinsic periosteal system: the capillaries of periosteum within zone II.
2. Periosteocortical anastomoses: in relation to underlying cortical bone.
3. Periosteomuscular system in relation to muscles attached.
4. Periosteaofacial system in relation to tendons, ligaments and fibrocartilage attached to bone. So this system is variable from bone to bone. [14] Osteoblast structure and function:
Osteoblasts have three main functions in bone.vital to bone tissue and are the cells responsible for the production, transport, and arrangement of most of the components of the organic matrix (osteoid), They produce transport and arrange the matrix of bone (osteoid).
They start and control mineralization process.
Theysecrete certain factors to control themselves and the neighboring osteoclasts.
On histological bases osteoblasts secrete alkaline phosphatase, osteopontin, and osteocalcin. They also have membrane protein called receptor activator of nuclear kappa factor ligand (RANKL) (essential for osteoclastic activity), they have very important membrane receptors for insulin like growth factor and parathyroid hormone (PTH). They have no receptors for growth hormone. They have cytoplasmic receptor for active vitamin D. The functioning osteoblasts are 40μmin size and have basophilic cytoplasm that is in contact with the bone.
Multiple cytoplasmic processes extend from the cells into and through the bone matrix, contacting adjacent osteoblasts and osteocytes via gap junctions. shows the site, structure and function of osteoblasts. [7] The nucleus is eccentricand located toward the outer fibrous layer or zone II and often has a prominent nucleolus. It has a prominent perinuclear well-developed Golgi apparatus. The cells flatten and elongate as their synthetic activity diminishes and remain lining the resting bone surfaces (Fig. 5 ). [7] The role of matrix vesicles
Mineralization is defined as deposition of minerals mainly calcium and phosphate in certain tissue most commonly bone but other tissues could be also mineralized. The process is regulated by osteoblasts in bone.
• Osteoblasts secrete osteocalcin a protein with high binding of extracellular Ca+2so it raises the concentration of this ion.
• The osteoblasts are stimulated by the high Ca+2 concentrationto secrete alkaline phosphatase (ALP), which increases the local concentration of PO4 ions. The high PO4 concentration stimulates more Ca+2concentration to rise.
• Thehigh Ca+2and PO4 concentration stimulates the osteoblasts to release small (100nm) magic matrix vesicles into the bony matrix by exocytosis. The matrix vesicles have ALP and pyrophosphatase on their membrane as transmembrane. Bothe enzymes cleave PO4 ions from other molecules of the matrix.
• The matrix vesicles that accumulate Ca+2 and cleave PO4ions cause the local isoelectric point to increase, which resultsin crystallization of CaPO4 in the surrounding matrix vesicles.
• The CaPO4 crystals initiate matrix mineralization by the formation and deposition of hydroxyapatite crystals [Ca10 (PO4)6(OH)2] in the matrix surrounding the osteoblasts.
[6&8]
Functions of periosteum:
Periosteal bone formation during endochondral bone formation in fetal life Usually the bone is formed over another tissue. During fetal life the bone formed over either cartilage or mesenchyme. In the first case, that is called endochondral growth, bone is formed over model of cartilage. The cartilage is formed from mesenchyme and grows in width by appositional growth from perichondrium and in length by interstitial growth through chondrocytes. But at certain point the perichondrium stop forming chondrocytes instead it forms osteoblasts and osteocytes and so it is called now periosteum.The tissue formed under the periosteum is called bone collar. Meanwhile the chondrocytes of cartilage are enlarged and lead to thinning out of cartilage matrix. Chondrocytes start to calcify the matrix of cartilage by alkaline phosphatase enzyme. The periosteum adds more bony tissue to replace the calcified matrix of cartilage. Periosteum form bone as the previously mentioned through osteoblast secretion of bony matrix then osteoblast mineralize the tissue by matrix vesicle. The bone formed at this stage of life is characterized by being of high cellular content low matrix and mineral content better to call it immature bone Figure 6 (Fig. 6) [6&15]
Fig. 6: it shows section of fetal bone with periosteum and periosteal bone (PB) surrounding cartilage (C) and medullary cavity (Cav). Endochondral bone spicules (EB) are formed at both ends of cartilage model. [6] Periosteal bone formation during childhood:
During childhood period, there are two types of growth in bone growth in width and growth in length. The growth in length performed through growth plate at diaphysealepiphyseal junction. The growth plate is a hyaline junction shows proliferation and hypertrophy of chondrocytes then matrix calcification and finally ossification by osteoblasts. The exact mechanism is beyond the scope of our review. Growth in width is accomplished through periosteum by adding bone osteons or Haversian system. The process is started from the inner layer of periosteum which is highly vascularized and contains many stem cells. The stem cells differentiate to osteoblasts that secrete and mineralize matrix of the future bone on both sides of blood vessels that extend longitudinally along the long bones. The bony ridges enlarge in size until they surround the blood vessels. When both ridges fuse together the blood vessels now are located within a canal lined by osteoblasts. Osteoblastslining the canal continue to form bone along the canal. The newly formed bone is added as layers called lamellae. The newly added layer separated from the old one by cement line which is formed of ground substance with high collagen. Cement line represents the outer (Fig.7) .
Fig. 7:
shows conversion of bone trabeculae into Haversian system by periosteum in four phases. [7] By this mechanism the periosteum is able to add many osteons to the external matrix of bone. These osteons increase the width of long bone with subsequent endosteal bone resorption to keep the thickness of bone constant.
[7&16]
Periosteal bone formation in adulthood
Many researches confirm the periosteal bone formation during adulthood period but at slower rate than before. The mechanism of bone formation is similar to that described before start by periosteal ridges around blood vessels, then fuse together to form Haversian canal and finally the concentric lamellae are formed around the Haversian canal consequently. [24] Other researches further added very important cause for periosteal bone ossification during adulthood that is the occurrence of endosteal bone resorption as very strong stimulus to periosteal bone growth to compensate the removed bony mass. [ 
17]

The role of osteoblasts indifferentiation and activation of Osteoclasts
Osteoclastogenesis is triggered by two specific molecules produced by the osteoblast:
1. Macrophage colony-stimulating factor(M-CSF) ligand.
Receptor Activator Nuclear Factor kappa B ligand(RANKL). differentiation and activation of osteoclasts occurs in two steps:
The osteoclast precursors are derived from themonocyte-granulocyte progenitor cells through responds to M-CSFligand produced by osteoblast cells.
RANKL is a member of the tumor necrosis factor(TNF) superfamily. RANKL binds to RANKreceptor on the surface of the osteoclast precursors.RANKL-RANK binding stimulates RANK trimerizationand the recruitment of two transcription factors (cfos and nuclear factor Kappa B). Both acts in the nucleusand activate genes so they triggering the differentiation of the osteoclast precursors to mature osteoclasts (Fig. 8) .
Osteoblasts can also regulate and inhibit osteoclastic activity.7 Osteoblasts synthesize osteoprotegerin, a protein with high binding affinity for RANKL. Osteoprotegerin is a soluble protein thatbinds to RANKL and prevents RANK-RANKL interaction. By this mechanism, osteoprotegerin inhibits the osteoclastogenic process. Parathyroid hormone stimulates the expression of RANKL so the pool of RANKL increases relative to osteoprotegerin. Secretion of parathyroid hormoneenhances RANK-RANKL binding and osteoclastogenesis, resulting in increased boneresorption.IL-1, TNF, TGF-β, vitamin D, and prostaglandin E2 also can regulate the RANK -RANK binding and osteoprogerin18. So inflammation also could affect bone formation and resorption. [19] Fig. 8: Osteoblasts regulate osteoclastogenesis. [7] Functions of periosteum in bone remodeling:
There was a controversy about the periosteal bone resorption for a long time. The resorption of bone was only devoted to endosteum by osteoclasts of endosteum. To compensate this, bone growth occurs on periosteum. This was called bone modeling. Recently it is reported that bone growth in periosteum also occurs after a process of bone resorption through which osteoclasts erode the old damaged lamellae or microcracks. This resorption gradually gets rid of weak bone and paves the road for new lamellae formation suitable for mechanical force and tension. So exercise is a highly recommended not only for muscle but also for bone remodeling. The term internal bone remodeling is now much more accepted than bone modeling used before. Bone remodeling occurs through interaction between osteoblasts and osteoclasts. Bone remodeling unit is described as cylinder under the periosteum formed of cutting cone created by osteoclats forming cylinder of 200 µm and closing cone formed by osteoblasts to replace the eroded bone from outside to inside until the cylinder totally closed. The cylinder changed to Haversian system or newly formed osteon after full osteoblastic activity. As the closing cone is formed rapidly by osteoblasts to close the cutting cone of osteoclasts so on examination of many slides of bone we usually found the closing cone while the cutting cone is rarely observed. Close observation of the closing cone reveal the presence of blood capillaries surrounded by pericytes preosteoblasts and osteoblasts. Those cells act from outwards to inwards to fill the cutting cone.
According to bone remodeling unit mentioned, we could confirm the dynamicity of bone tissue and also the high adaptability of it through the turnover. (Fig. 9) . [6,7 & 8] 
Factors affecting bone formation by periosteum:
Bone formation in childhood and adulthood periods is influenced periosteal bone ossification during aging (hormonal, nutritional, smoking, genetic, race, mechanical) [1] 
Hormonal regulation:
The role of sex hormones: both androgen in male and estrogen in female have key role in bone growth. Sex hormones stimulate proliferation and ossification within the epiphyseal plate of cartilage in long bones so they lead to closure of epiphyseal plate of cartilage. More specifically androgen stimulates periosteal bone growth. At puberty in males, the periosteum expands due to androgen action with little change in the endosteal bone deposition, so that bone width increases. Males have the bone thickness as females but the androgen effect on periosteum leads to thicker bone diameter than in females, so the bone breaking force is greater in males. [20, 21&22] Growth hormone and thyroid hormones: they act on epiphyseal plate of cartilage to maintain the persistence of it and ensure growth of bones in length. Growth and thyroid hormones have receptors on chondrocytes of epiphyseal plate of cartilage. They stimulate proliferation of chondrocytes so the elongations of long bones are ensured through both hormones. Dwarfism is the result of deficiency of growth hormone and /or thyroid hormones. Moreover, the same hormone act upon osteogenic progenitor cells to differentiate into osteoblasts and start bone formation. Osteoblasts have no receptors for growth hormone but they do have for insulin like growth factor [6&8] .
The role of insulin-like growth factor 1 (IGF-1) in the regulation of periosteal apposition has long been postulated, especially in concert with growth hormone and sex steroids during puberty [23] .
Parathyroid hormone and calcitonin hormone act to regulate the Calcium content within the serum and consequently in bone matrix.
Parathyroid hormone,calcitonin and androgen could be used as drugs during bone fracture or to prevent bone fracture. [24] 
Mechanical force:
Muscular exercise and mechanical force stimulates periosteal bone ossification. [25] 
Genetic factors:
Certain genes are identified and defined as operators to bone formation. [26] 
Different environmental factors:
Nutrition could modulate periosteal bone formation. Some authors proved the inhibitory effect of nicotine one bone formation [1,27&28] .
Diseases and drugs:
Renal dysfunction, intake of steroids and vitamin D deficiency inhibit periosteal bone formation, [29 & 30] .
Clinical applications of periosteal bone deposition:
Bone fractures
Traumatic and nontraumatic fractures are some of the most common pathologic conditions affecting bone. Fractures are classified as complete or incomplete; closed (simple) when the overlying tissue is intact; compound when the fracture site communicates with the skin surface; comminuted when the bone is splintered; or displaced when the ends of the bone at the fracture site are not aligned. If the break occurs in bone already altered by a disease process, it is described as a pathologic fracture.
The bone is a good example of regenerative tissue through its ability to create new cells from stem cells already present, secrete bone matrix and finally mineralize the matrix by matrix vesicles.
[31&32]
The first response of fracture is haematogenous inflammatory response as usual to any insult. Inflammatory cells like neutrophils then macrophages reach the field and start to phagocytose and clear the area for the coming healing processes. Granulation tissue is formed that is composes of capillaries, fibroblasts, collagen fibers and macrophages. With fixed immobilized fracture the stem cells from periosteum and endosteum differentiate to chondrocytes or directly to osteoblasts. Catrilageneuos tissue is formed between the two fractured ends. Then bone tissue is formed over the cartilage in the same way of any bone formed.
[33&34]
The osteogenic progenitor starts to give osteoblasts then bone matrix and bone mineralization occurs. The first bony callus formed is immature bone with many cells and less collagen and minerals. The immature bone transformed to spongy bone by adding more minerals and collagen fibers to the matrix. The bony callus gradually bridge and fuse with the fractured ends. Periosteum and endosteum changed the spongy bone into compact bone according to the tension forces to be suitable with the stress over the newly formed bone.
[35&36] Fig. 10: shows healing of bone fracture in four phases [7] .
During mature compact bone formation, the old immature bony callus and cartilage if remained are removed by the active osteoclasts, and finally the remodeling process occurs through the closing and cutting cone to give the best suitable bone structure to function. [37] In healthy individuals, this process usually takes from6 to 12 weeks, depending on the severity and site of the fracture. by using immobilization procedures either by external fixation (by casts or by pins and screws) or holding the bony fractured ends in place by internal fixation (by pins, screws, or plates) the regeneration and healing processes speed and the outcomes will be superior in structure and function. [7] The stages of healing of bone fracture could be summarized as Tissue destruction and haematoma formation, Inflammation and cellular proliferation, soft Callus formation, hard callus formation, Consolidation and Remodelling.
Intra-articular Fracture neck femur:
Intraarticular fracture of neck of femur has poor prognosis due to many factors but the most important one is thin or absent periosteum.
[38&39]
Incomplete fractures:
This fracture is characterized by bone continuity due to thick periosteum. It carries good prognosis. Here the bone is incompletely divided and the periosteum remains in continuity. It also called a greenstick fracture as the bone is bent (like a fractured green twig). This is seen in children, whose bones are softer than those of adults. [16] Closed reduction of bone fracture:
The fracture is reduced by many maneuvers under appropriate anesthesia and muscle relaxation,. This is most effective when the periosteum on one side of the fracture intact. Periosteum prevents over-reduction and stabilizes the fracture after reduction. [40] Periosteum manipulation in surgery:
Over manipulation of periosteum during internal bone fixation leads to delayed bone union. [41] Osteomyelitis in childhood period:
Acute haematogenous osteomyelitis is much more evident in children, because of the relatively loose attachment of the periosteum, than that in adults. In adults the periosteum is thin and adherent to underlying bone. [42] 
Regeneration of bone:
Thick periosteum of bone during childhood leads to rapid healing. Bone diseases and fractures carry good prognosis. [42] 
SUMMARY
The periosteum is formed of two layers outer fibrous and inner osteogenic. The outer layer formed of blood vessels fibroblasts and collagen fibers. The inner layer consists of osteogenic cells and osteoblasts. Periosteum contains many stem cells of bone and stem cell niche. Osteoblast is basophilic cubical cell with vesicular nucleus and protein synthesizing ability. It forms bone matrix and mineralize it through matrix vesicles. Periosteal functions are bone formation during fetal, childhood and adult ages. Bone remodeling unit is formed of closing cone and cutting cone. Bone remodeling unit could be explained by osteoblasts activation to osteoclasts. This activation occurs through RANKL-RANK interactions. Bone formation is regulated by hormonal, mechanical, genetic, environmental factors and diseases. Periosteum has many clinical applications. Most important applications are healing of fracture, good prognosis of childhood fracture, bad prognosis of intraarticular fracture neck of femur and intact periosteum helps in closed reduction.
FURTHER RESEARCH FIELDS
From the previous review we open a way for further research in:
• Treatment of osteoporosis by parathyroid hormone.
• The role of Osteoprotegerin in treatment of osteoporosis.
• Periostin effect on periosteum as a stimulating agent of regeneration.
• Periosteum transplant or mobilization to the sites of non union bone fracture or resistant bone healing.
